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S U M M A R Y
Objectives: Stroke is a serious complication in community-acquired bacterial meningitis (CABM), but the
incidence, predispositions, and outcome need further clariﬁcation; this pertains in particular to the
impact of pre-existing atherosclerosis risk factors. Therefore, we aimed to assess these features in a
retrospective population-based cohort study.
Methods: We included all patients over 16 years of age with CABM in North Denmark Region, 1998–
2010. All data were retrieved from the patient records. A Glasgow Outcome Scale score of 1–4 was
deﬁned as an unfavourable outcome and 5 as favourable.
Results: We identiﬁed 152 episodes of CABM. In 22 (14%) of the episodes, the patient had a stroke; 15
strokes were ischaemic, three were haemorrhagic, and four were a combination of both. Age and
atherosclerosis risk factors were not signiﬁcantly associated with stroke. However, stroke was associated
with a higher in-hospital mortality (27% vs. 16%; age adjusted risk ratio (age aj. RR) 1.43, 95% conﬁdence
interval (CI) 0.67–3.04), unfavourable outcome (86% vs. 37%; age adj. RR 2.09, 95% CI 1.59–2.75), and
long-term sequelae among survivors (88% vs. 40%, age adj. RR 2.01, 95% CI 1.53–2.65) compared with
patients without stroke.
Conclusions: Stroke is a common complication among adult CABM patients and is associated with long-
term sequelae and possibly also death. However, stroke seemed not to be related to atherosclerosis risk
factors.
 2014 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases. 
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The morbidity and mortality of community-acquired bacterial
meningitis (CABM) continue to be substantial in spite of signiﬁcant
advances in medical care.1
Lately, more attention has been devoted to the neurological
complications of meningitis including stroke and other neurovas-
cular events.2–13 Based upon autopsy studies conducted several
decades ago, the underlying pathophysiological mechanism was
previously thought to be localized cerebral vasculitis,14 but a more
recent study has questioned this theory.6 Other studies have* Corresponding author. Tel.: +45 99326510.
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http://dx.doi.org/10.1016/j.ijid.2013.12.005suggested that vasospasms, septic emboli from endocarditis,
thrombosis, and diffuse cerebral intravascular coagulation may
each contribute.4,15–18 Arterial blood pressure, cerebral autoregula-
tion, and cerebral blood ﬂow have been examined in meningitis
patients managed in intensive care19–22 and the results have
suggested that an imbalance in these factors could play a role in
stroke as well. Impaired cerebral autoregulation may also lead to
local hyperperfusion and possibly result in cerebral haemorrhage.11
Several studies have addressed the incidence of stroke in adult
patients with CABM,2,3,9,10,12,13,23 but there is a need for more
population-based cohort studies to document previous ﬁndings.
Furthermore, atherosclerosis of the cerebral arteries may play an
undetermined role in this clinical setting, as a narrowed arterial
lumen could facilitate the development of cerebral ischemia
regardless of the underlying pathophysiological mechanism. Thus,
we hypothesized that atherosclerosis risk factors, being a surrogate
marker for cerebral artery atherosclerosis, could be associated with
stroke during meningitis.ociety for Infectious Diseases. Open access under CC BY-NC-ND license.
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address the incidence of meningitis, the bacterial aetiology, and
multiple outcomes, including stroke, in-hospital mortality, and
long-term sequelae. Secondarily, we assessed the impact of
atherosclerosis risk factors on these outcomes.
2. Methods
2.1. Setting
We conducted a retrospective cohort study of patients with
CABM from January 1st, 1998 to December 31st, 2010 in North
Denmark Region. The population of this region was 493 298
inhabitants in 1998 and 579 628 inhabitants in 2010;24 the change
in catchment population was due to an administrative reform in
2007. A unique personal identiﬁcation number is given to
permanent residents at birth or immigration. This number is used
for all health care contacts and it allows information on hospital-
associated care to be extracted from registries and patient records.
Primary and hospital care is tax-paid and free of charge for all
residents in Denmark. North Denmark Region has one tertiary care
hospital, Aalborg University Hospital, and a total of six district
hospitals. The Department of Clinical Microbiology at Aalborg
University Hospital was the sole provider of microbiological
services for all seven hospitals throughout the study period and
received all blood and cerebrospinal ﬂuid (CSF) specimens for
diagnostic assessment. The department maintains a record of the
focus of infection and treatment regimen for all positive blood
cultures, as obtained by telephone consultation with the treating
physician. Likewise, members of the departmental medical staff
are consulted concerning other serious infections, including
central nervous system (CNS) infections. The cases included in
this study were identiﬁed by searching the laboratory information
system (ADBakt, Autonik, Sweden) for positive blood cultures with
a CNS focus of infection; every case was validated by a review of
the records. Similarly, all patients with culture- or Gram stain-
positive CSF samples were screened for inclusion. The laboratory
system also provided information on CSF specimens referred to
Statens Serum Institut (Copenhagen, Denmark) for bacterial
antigen tests or bacterial 16S rRNA gene ampliﬁcation.
2.2. Treatment of community-acquired meningitis
All patients in our study were treated with a beta-lactam. From
2003 onwards, adjunctive dexamethasone therapy was recom-
mended, in accordance with the national guidelines.25 In 2009,
cefotaxime was added to the empirical antibiotic regimen.
2.3. Study population
We included all patients older than 16 years of age with CABM
in North Denmark Region.
Inclusion criteria consisted of a clinical picture strongly
suggestive of CABM (e.g., headache, fever, stiffness of the neck,
petechiae, confusion or impaired level of consciousness) and at
least one of the following: (1) Positive CSF culture; (2) Positive
blood culture and at least one independent predictor of bacterial
meningitis in the CSF: >2000  106 leukocytes/l, glucose index
<0.23, CSF glucose <1.9 mmol/l, protein >2.2 g/l;26 (3) Presence of
bacteria in Gram stain of the CSF; (4) Non-culture detection of
bacteria in the CSF by either antigen test or gene ampliﬁcation.
If a patient fulﬁlled multiple criteria, only the strongest
criterion was noted (1 > 2 > 3 > 4).
Exclusion criteria were: (1) Cerebral abscess; (2) Hospital-
acquired bacterial meningitis as deﬁned by the Centers for DiseaseControl and Prevention;27 (3) Implanted neurosurgical device; (4)
The clinical record could not be retrieved (n = 2).
2.4. Patient data
Clinical, radiological, and laboratory data were retrieved from
the hospital records. If patients were transferred to a hospital in
another Danish region, then we retrieved these supplementary
records. Three patients were non-residents and we were not able
to obtain information beyond the primary admission.
Atherosclerosis risk factors were assessed based on the
previous medical history and we speciﬁcally registered prior
strokes, known incidences of atrial ﬁbrillation, cardiovascular
disease (ischaemic heart disease or peripheral arterial disease),
arterial hypertension, hypercholesterolemia (if listed as such in the
medical history, or use of statins), alcohol abuse, diabetes mellitus,
and smoking history (patients were categorized as never smokers,
former smokers, active smokers, or unknown). A detailed family
history on cardiovascular disease was not available. In addition, we
documented atrial ﬁbrillation and any anticoagulant or anti-
aggregatory therapy at admission or during the hospital stay in
patients who developed cerebral infarction. Echocardiography was
performed at the discretion of the treating physician.
The Glasgow Coma Scale score (GCS) was recorded in
approximately two-thirds of the cases and if missing a categorical
classiﬁcation was made (GCS <9, GCS 9–12, or GCS >12) by the
main author (JB) based upon the records. The duration of
admission was deﬁned as the period from the day of admission
to the day of discharge or transfer to a rehabilitation unit.
Radiology results were retrieved from the radiologist’s written
report. Not all patients had cranial imaging performed and a
cerebral angiography was rarely done. The time of diagnosis of
stroke was deﬁned as the day of the diagnostic radiology
examination, as we found onset of symptoms registered in the
records to be imprecise. Only lesions described as newly developed
were diagnostic, while pre-existing strokes were noted as such.
Lesions were also categorized as present at admission or diagnosed
during the hospital stay.
Likewise, the initiation of relevant antibiotics was categorized
by day of hospital stay (1, 2, and >2).
Information on auditory sequelae was obtained from the
physicians’ notes during outpatient follow-up and with regard to
hearing aids from the Department of Otology of Aalborg University
Hospital. However, several patients were evaluated by otologists in
private practice and only a subjective report of hearing impairment
was available in these cases.
Outcome at discharge was assessed according to the Glasgow
Outcome Scale (GOS) based upon the medical records. A score of 1
indicates death; 2, a vegetative state; 3, severe disability; 4,
moderate disability; and 5, mild or no disability.28 Long-term
sequelae were registered at both discharge and any subsequent
hospital contacts until the end of the record review in November
2011.
2.5. Statistical analysis
Categorical data were analysed with Fisher’s exact test or the
Chi-square test, and continuous data were analysed with the
Mann–Whitney U-test. A two-tailed p-value of <0.05 was
considered statistically signiﬁcant. Modiﬁed Poisson regression29
was used to estimate age-adjusted relative risks (age adj. RR) and
95% conﬁdence intervals (95% CI) for the risk of stroke, death, an
unfavourable outcome, and long-term sequelae. The Chi-square
test and modiﬁed Poisson regression were also used to evaluate
whether atherosclerosis risk factors were associated with stroke in
patients with CABM.
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3. Results
We observed a total of 152 episodes of CABM in 151 patients (79
females, 72 males) corresponding to an annual population
incidence of 2.0/100 000 inhabitants. A total of 111 patients had
a cerebral computed tomography (CT) scan performed (with
supplemental magnetic resonance imaging in 14 patients) reveal-
ing 22 cases of stroke (ischaemic lesions in 15, intracranial
haemorrhage in three, and combinations of both in four), resulting
in a cumulative incidence of 14%. Eight cases with ischaemic stroke
and two with intracranial haemorrhage were diagnosed at
admission (for details see Table 1). The incidence of stroke varied
little by calendar year throughout the study period. The
characteristics of patients with and without stroke are presented
in Table 2. Patients with stroke tended to be older (63 years vs. 55
years, p = 0.11), to have endocarditis as an underlying condition
(9% vs. 3%, p = 0.06), and more often to be comatose (GCS <9) at
admission (32% vs. 12%, p = 0.05). They were also frequently
admitted to the intensive care unit due to an impaired level of
consciousness (86% vs. 50%, p = 0.002) and had seizures during
their hospital stay (45% vs. 11%, p < 0.001).
Streptococcus pneumoniae was the most common causative
organism, followed by Neisseria meningitidis (Table 3). Patients
with meningococcal meningitis had fewer strokes than patients
with non-meningococcal meningitis (age adj. RR 0.37, 95% CI 0.09–
1.45; p = 0.15), although the difference remained statistically
insigniﬁcant.
Dexamethasone was administered in 36/80 (45%) patients in
accordance with the guidelines adopted in 2003. There was no
clear correlation between the time of initiation of antibiotics or the
use of adjuvant dexamethasone treatment and the development of
stroke (data not shown).
None of the following pre-existing atherosclerosis risk factors
were signiﬁcantly associated with stroke in the univariateTable 1
Results of neuroimaging in patients with bacterial meningitis and stroke
Patient Imaging Time to detection, days Stro
1 CT 8 Isch
2a CT + angiography 1 Isch
3 CT 1 Isch
4a CT + MRI 1 Isch
5 CT 1 Isch
6 CT + MRI 4 Isch
7 CT 1 Isch
8 CT 2 Isch
9 CT 3 Isch
10 CT + MRI 4 Isch
11 CT + MRI 8 Isch
12 CT 17 Isch
13 CT + MRI 15 Isch
14 CT 23 Isch
15 CT 1 Isch
16 CT 1 Hae
17 CT + MRI 1 Hae
18 CT 6 Hae
19 CT + MRI 2 Com
20 CT 2 Com
21a CT + MRI 11 Com
22 CT + MRI 21 Com
ACA, anterior cerebral artery; AICA, anterior inferior cerebellar artery; CT, computed to
posterior cerebral artery. Additional radiological diagnoses were hydrocephalus (ﬁve c
tumours (six cases of which none were malignant).
a Underlying endocarditis.analyses: prior stroke, known atrial ﬁbrillation, cardiovascular
disease (ischaemic heart disease or peripheral arterial disease),
hypercholesterolemia, arterial hypertension, alcohol abuse, diabe-
tes mellitus, or former/active smoking status (Table 4). Moreover,
we found no additive or multiplicative effect of atherosclerosis risk
factors on the risk of stroke (data not shown).
Among patients with stroke, seven had documented atrial
ﬁbrillation (known before admission in two) and almost all
patients were treated with prophylactic low-molecular weight
heparin during their hospital stay, including two of three patients
with haemorrhagic stroke.
The overall in-hospital mortality was 18%. Patients with stroke
had an in-hospital mortality of 27% vs. 16% for patients without
stroke (age adj. RR 1.43, 95% CI 0.67–3.04) and were more likely to
have an unfavourable outcome (86% vs. 37%; age adj. RR 2.09, 95%
CI 1.59–2.75). Furthermore, survivors had a higher risk of long-
term sequelae than patients without stroke (88% vs. 40%; age adj.
RR 2.01, 95% CI 1.53–2.65). These sequelae consisted mainly of
auditory deﬁcits, motor/sensory nerve deﬁcits, cognitive im-
pairment, aphasia, epilepsy, and hydrocephalus (Table 5).
4. Discussion
In this retrospective cohort study of patients older than 16 years
of age we found stroke to be common (14%) in bacterial meningitis.
Approximately half of the cases with stroke were diagnosed at
admission and the predominant bacterial pathogen was S.
pneumoniae (55%). We found endocarditis to be a rare underlying
condition (n = 3), and meningococcal meningitis may be associated
with a low risk for stroke despite its well-known association with
disseminated intravascular coagulopathy.11,30 The patients with
stroke tended to be older, to be in a comatose state at admission,
and to have seizures during hospital stay. Regarding outcomes, we
observed a tendency towards a higher mortality, a signiﬁcantly
lower GOS, and more long-term sequelae in survivors than in
patients without stroke.
Our study had both signiﬁcant strengths and limitations. Our
study beneﬁtted from the universal coverage provided by the
Danish health care system as well as the use of a unique personalke Location of ischemia
aemic Right PCA, left MCA territories, left cerebellar hemisphere
aemic Right MCA territory
aemic Left MCA territory
aemic Bilateral AICA, right MCA territories
aemic Left MCA territory
aemic Left MCA, PCA territories
aemic Right MCA territory
aemic Bilateral PCA territories
aemic Bilateral MCA, PCA territories
aemic Bilateral MCA territories
aemic Right MCA
aemic Right PCA territory
aemic Right PCA territory, bilateral MCA territories
aemic Right PCA, MCA territories
aemic Bilateral MCA, AICA territories
morrhagic Sub-arachnoid haemorrhages in both lateral ventricles
morrhagic Right cerebellar hemisphere
morrhagic Right MCA territory
bined Bilateral MCA territories
bined Left MCA territory
bined Bilateral MCA territories (and possibly a part of ACA)
bined Right AICA, MCA territories
mography; MCA, medial cerebral artery; MRI, magnetic resonance imaging; PCA,
ases of whom three also had a stroke), sinus thrombosis (two cases), and cerebral
Table 2
Characteristics of patients with community-acquired bacterial meningitis in North
Denmark Region, 1998–2010
Patient characteristics Stroke (%)
n = 22
No stroke (%)
n = 130
p-Value
Median age, years 63 55 0.11
Male 10 (45) 62 (48)
Comorbiditya 9/22 (41) 37/130 (28)
Duration of symptoms,
median days
3 (n = 20) 2 (n = 125)
Neck stiffness 14/20 (70) 88/121 (73)
Petechiae and/or ecchymosis 3/15 (20) 34/102 (33)
Headache 11/13 (85) 79/94 (84)
Fever (>38.0 8C) 18/22 (82) 113/128 (88)
Nausea/vomiting 10/12 (83) 64/72 (88)
Confusion 13/22 (59) 94/128 (73)
GCS at admissionb 13/22 (60) 91/130 (70)
<9 7/22 (32) 16/130 (12) 0.05
10–12 8/22 (36) 50/130 (38)
>12 7/22 (32) 64/130 (49)
Neurological, total ﬁndings 17/22 (77) 91/130 (70)
GCS <14 16/22 (73) 84/130 (65)
Motor/sensory nerve deﬁcit 3/22 (14) 8/89 (9)
Cranial nerve paresis 5/22 (23) 17/89 (19)
Seizures before/at admission 2/22 (9) 12/130 (9)
Systolic blood pressure,
median mmHg
145 (n = 20) 138 (n = 114)
Pulse, median beats/min 99 (n = 20) 97 (n = 113)
CRP, median mg/l 296 (n = 22) 210 (n = 128) 0.002
B-leukocytes, median 109/l 19 (n = 22) 17 (n = 129)
Thrombocytes, median 109/l 175 (n = 21) 208 (n = 120)
Creatinine, median mmol/l 101 (n = 22) 86 (n = 128)
Lactate, median mmol/l 4 (n = 7) 5.6 (n = 23)
Base excess, median mmol/l 3 (n = 16) 1 (n = 62)
Arterial pH, median (37 8C) 7.43 (n = 16) 7.45 (n = 64)
DIC at admission 3/14 (21) 29/126 (23)
CSF values, median
Leukocytes, 106/l 1848 (n = 20) 2100 (n = 123)
PMN, % 91 (n = 16) 92 (n = 93)
Erythrocytes, 106/l 128 (n = 20) 140 (n = 122)
Protein, g/l 6.15 (n = 22) 3.8 (n = 123)
Glucose, mmol/l 0.25 (n = 20) 0.8 (n = 123)
Glucose CSF/plasma index 0.03 (n = 20) 0.09 (n = 122)
Intracranial pressure, median mmHg 21 (n = 10) 21 (n = 26)
Antibiotic administrationc
Day 1d 21/22 (95) 111/130 (85)
Day 2 0 13/130 (10)
After day 2 1/22 (5) 5/130 (4)
Nevere 0 1/130 (1)
Dexamethasone 6/22 (27) 30/130 (23)
Course of admission
Cranial imaging during hospital stay 22/22 (100) 89/130 (68)
Newly developed atrial
ﬁbrillation during admissionf
5/22 (23) NA
Endocarditisg 3/22 (14) 4/130 (3) 0.06
Descending level of consciousness
leading to admission to the ICU
19/22 (86) 65/130 (50) 0.002
Seizures during hospital stay 10/22 (45) 14/130 (11) <0.001
Total admission time, median days 35 14
CABM, community-acquired bacterial meningitis; CRP, C-reactive protein; CSF,
cerebrospinal ﬂuid; DIC, disseminated intravascular coagulation; GCS, Glasgow
coma scale score; ICU, intensive care unit; NA, not available; PMN, polymorphonu-
clear leukocytes.
a Asplenia, chronic renal failure (creatinine >130 mmol/l), cirrhosis, alcohol
abuse, diabetes mellitus, heart failure (ejection fraction <40%), tuberculosis, HIV,
cancer, immunosuppression (congenital or acquired), previous neurosurgery, or
head trauma within one month of CABM.
b Indicates how many patients had a GCS mentioned in the records at admission.
The stratiﬁcation of GCS into three categories therefore includes the patients for
whom the main author (JB) estimated the GCS from all the information available in
the records.
c Adequate antimicrobial spectrum and dosages for a central nervous system
infection.
d Chi-square test.
e One patient did not receive antibiotics in adequate doses, apparently because of
a dismal prognosis once the meningitis was diagnosed.
f Two patients were known with pre-admission atrial ﬁbrillation.
g Echocardiography was performed in 45 patients at the discretion of the treating
physician; 38 of these were blood culture-positive.
Table 3
Bacterial aetiology of community-acquired meningitis in North Denmark Region,
1998–2010
Bacteriologya Stroke
n = 22 (%)
No stroke
n = 130 (%)
Streptococcus pneumoniaeb 14 (64) 69 (53)
Neisseria meningitidis 2 (9) 36 (28)
Haemolytic streptococci groups A, B, and G 2 (9) 5 (4)
Staphylococcus aureus 2 (9) 5 (4)
Escherichia coli 1 (5) 5 (4)
Listeria monocytogenes 0 4 (3)
Non-haemolytic streptococci 0 2 (2)
Enterococcus faecalis 0 1 (1)
Haemophilus inﬂuenzae 0 2 (2)
Capnocytophaga canimorsus 0 1 (1)
Gram-positive cocci, species
diagnosis not obtained
1 (5) 0
a Cases were included as follows: Criterion 1 = 143 patients; criterion 2 = one
patient; criterion 3 = seven patients; criterion 4 = one patient.
b One isolate was intermediately resistant and one isolate was highly resistant to
penicillin.
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and securing a long-term follow-up for almost all patients.
However, hospital records were not always complete on all
parameters in question. The most notable limitations were that
neuroimaging was not performed in all patients, not all patients
were re-scanned if the level of consciousness descended, and that
neuroimaging may have been performed before cerebral infarc-
tions were detectable. A total of eight patients died without being
scanned (seven of these died within two days of admission) and
this outcome could possibly be related to stroke. Therefore a
potential underestimation of the incidence of stroke should be
taken into account. Nevertheless, survivors who were not scanned
had a signiﬁcantly better GOS than patients who were scanned
(data not shown), suggesting that any missed incidences of stroke
would be of moderate clinical signiﬁcance. Conversely, there was a
statistically signiﬁcant association between the incidence of stroke
and the frequency of long-term sequelae, thus supporting the
relevance of the radiological ﬁndings in our study.
Our ﬁndings agree with most previous studies regarding the
incidence of stroke in CABM (9–17%),9,10,23,31 but the incidence is
somewhat lower than the incidences found in two other
studies.2,12 The ﬁrst study reported an incidence of stroke of
25% but also included probable infarctions (i.e., no CT scan)
accounting for almost two-thirds of the cases. A total of 71% of the
patients were scanned as compared with 73% in our study. TheTable 4
Atherosclerosis risk factors among patients with cerebral infarction complicating
community-acquired bacterial meningitis in North Denmark Region, 1998–2010
Risk factor Stroke
n = 22
No stroke
n = 130
p-Value
Former stroke 1 (5) 7 (5) 0.67
Known atrial ﬁbrillation 2 (9) 8 (6) 0.62
Cardiovascular diseasea 1 (5) 13 (10) 0.37
Hypercholesterolemia 2 (9) 27 (21) 0.49
Arterial hypertension 6 (27) 35 (27) 0.58
Alcohol abuse 2 (9) 16 (12) 0.50
Diabetes mellitus 3 (14) 6 (5) 0.33
Insulin-dependent 1 (5) 1 (1) 0.27
Smoking statusb
Never smoked 6 (27) 41 (32) 0.97
Former smoker 5 (23) 40 (31)
Active smoker 6 (27) 19 (15)
Status unknown 5 (23) 30 (23)
a Ischaemic heart disease or peripheral arterial disease.
b Chi-square test.
Table 5
Long-term sequelae among survivors with community-acquired bacterial menin-
gitis in North Denmark Region, 1998–2010
Type of sequela Stroke
n = 16 (%)
No stroke
n = 109 (%)
p-Value
Any long-term sequelae 14 (88) 44 (40) <0.001
Sensory/motor nerve defect 11 (69) 13 (12) <0.001
Cognitive deﬁcit 8 (50) 5 (5) <0.001
Auditory deﬁcit 6 (38) 26 (24)
Requiring hearing aid 3 (19) 5 (5)
Other cranial nerve paresis/paralysis 4 (25) 6 (6) 0.02
Aphasia 3 (19) 2 (2) 0.01
Epilepsy 3 (19) 0 0.002
Hydrocephalus 2 (13) 0 0.02
Reactive arthritis (culture and
microscopy negative)
0 5 (5)
Other outcomes were: one patient with a thrombotic stroke 5 days after discharge,
one patient with a thrombus in the artery of the right eye, one patient died of a
haemorrhagic stroke 3 months after meningitis and sinus thrombosis (on coumarin
treatment), one patient died 3 months after discharge of heart failure (newly
developed cardiomegaly–perimyocarditis), and one patient presented with a post-
infectious syringomyelitis 4 years after meningitis caused by Listeria monocytogenes.
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associated with a high incidence of cerebral infarctions.
Likewise, our ﬁndings are consistent with previous reports
concerning bacterial aetiology, clinical and laboratory proﬁles, and
mortality and morbidity rates in CABM with and without
stroke.2,3,9,12,23,31
To our knowledge this is the ﬁrst study to examine the
association between atherosclerosis risk factors and stroke in
patients with CABM. Despite the limited sample size (n = 151), it is
noteworthy that we did not ﬁnd an association between these risk
factors and stroke. This suggests a primary role of acute infectious/
inﬂammatory processes, e.g. vasculitis, vasospasm, coagulopathy,
or localized thrombosis, but not vulnerable atheromatous plaques.
Furthermore, it does not support the hypothesis that atheroscle-
rotic stigmatized cerebral arteries are more prone to develop
signiﬁcant stenosis and thereby stroke, regardless of the underly-
ing pathophysiological mechanism. Atherosclerotic risk factors do
not seem to aid in predicting which patients will develop stroke in
CABM.
We acknowledge that further observational studies are needed,
preferably with a prospective recording of data. Clinicians should
be particularly aware of the risk of stroke in older patients with
non-meningococcal meningitis presenting with a low GCS or upon
decreasing level of consciousness or seizures during their hospital
stay.
In summary, our retrospective cohort study of patients with
community-acquired meningitis revealed an incidence of stroke of
14%, with a cumulative in-hospital mortality of 26%. Patients with
stroke who survived were more likely to have an unfavourable
outcome and long-term sequelae. We found no association
between atherosclerosis risk factors and stroke and we found this
complication notably rare in meningococcal meningitis.
Conﬂict of interest: The study did not receive any funding and the
authors report no conﬂicts of interests.
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